Patients undergoing endovascular repair (EVAR) of aortoiliac or iliac artery aneurysm may require sacrifice of one or both internal iliac arteries (IIAs). Until Food and Drug Administration-approved commercial grafts became available, endovascular IIA preservation was accomplished using the "sandwich" technique, but limited information is available regarding the results of this method. After obtaining institutional review board approval, we identified patients undergoing IIA preservation with the sandwich technique during EVAR at our institution. The patients have been followed prospectively since being identified to record patency rates and vascular symptoms or events. Twenty-four procedures were performed from 2011 through 2015 to treat iliac artery aneurysms. Fourteen of these procedures were done with concomitant EVAR using different endografts (Gore Excluder 11, Endologix AFX 2, Cook Zenith 1). Five were done to extend a previous EVAR that had developed a type Ib endoleak, 2 for an isolated external iliac artery aneurysm, 3 for an anastomotic aneurysm from a previous aortobiiliac graft, and 2 for isolated iliac aneurysm repair. There were 25 sandwich grafts (unilateral in 19, bilateral in 6). Contralateral embolization was performed in 5 cases. Immediate success rates were high, and patency rates were excellent at intermediate follow-up. Intraoperative type 3 endoleaks were not uncommon but usually resolved postoperatively. Endovascular IIA preservation is feasible with currently available devices using this technique. This procedure is recommended for preservation of the IIA during endovascular treatment of aortoiliac and iliac artery aneurysms when anatomy requires IIA preservation. E ndovascular repair (EVAR) has become the main treatment modality for abdominal aortic aneurysm (AAA). Iliac aneurysms occur in about 20% of patients undergoing AAA repair; if iliac artery ectasia is included, this percentage increases to 40% ( 1 -3 ). Isolated common iliac artery (CIA) aneurysms account for 2% of all intraabdominal aneurysms and may require repair to prevent rupture if they are symptomatic or >35 mm in diameter ( 4 ). Because of this, patients undergoing EVAR of an aortoiliac or iliac artery aneurysm may require sacrifi ce of one or both internal iliac arteries (IIAs). Th is sacrifi ce has been accomplished using the occlude (with coils or plugs) and extend method ( 2, 3 ) , but this method has the unfortunate consequence of increasing the risk for adverse eff ects such as buttock claudication, ischemic colitis,
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Ryan A. Shutze , Wes Oglesby , Allen Lee , MD , and William P. Shutze , MD erectile dysfunction, spinal cord injury, and peroneal necrosis in a signifi cant number of patients ( 1, 5, 6 ) . Because of this risk, attempts have been made at IIA preservation during EVAR. Th e fi rst Food and Drug Administration-approved commercial grafts for this purpose only became available in 2016, so IIA preservation has been accomplished using surgical revascularization, the bell-bottom technique, or surgeon-modifi ed grafts ( 1, (7) (8) (9) . Each of these methods has its limitations, so the sandwich technique ( 10 ) was developed ( Figure 1 ). Since limited information is available regarding its results, we reviewed our experience with the sandwich technique for IIA preservation to better determine its immediate success and complications, as well as the long-term durability and patency of the iliac grafts.
METHODS
After obtaining institutional review board approval, we identifi ed patients undergoing IIA preservation with the sandwich technique during EVAR at our institution. Th e patients have been followed prospectively since being identifi ed to record patency rates, vascular symptoms, and other events such as reintervention or endoleaks. Patients were selected for IIA preservation on an individual basis if they were deemed to be at increased risk for complications from IIA occlusion. Patients were included if they had a patent inferior mesenteric artery that would be sacrifi ced, planned occlusion of the contralateral IIA, or an occluded contralateral IIA. Other patients selected for IIA preservation included very active patients who did not want to risk developing buttock claudication. Patients with IIA aneurysms were also treated with the sandwich technique since exclusion of the IIA aneurysm would require occlusion of the branches of the IIA, which is known to increase the risk of ischemic complications.
EVAR using the sandwich technique consists of eight steps: 1) bilateral femoral artery access (either percutaneous or open)
RESULTS
Twenty-four procedures were performed from 2011 through 2015 to treat iliac artery aneurysms. Th ere were 22 men and 2 women with a mean age of 74 years (range, 63-87). Aneurysms were present in the CIA in 20 and in the IIA in 10, with a mean diameter of 4 cm (range, 2.6-9). Fourteen of these procedures were done with concomitant EVAR using diff erent endografts (Gore Excluder 11, Endologix AFX 2, Cook Zenith 1). Five were done to extend a previous EVAR that had developed a type Ib endoleak, 2 for an isolated EIA aneurysm, 3 for an anastomotic aneurysm from a previous aortobiiliac graft, and 2 for isolated iliac aneurysm repair. Th ere were 25 sandwich grafts (unilateral 19, bilateral 6) in the EIA (Viabahn 20, Excluder 2, Endologix 1, iCast 1) and in the IIA (Viabahn 24, iCast 1). Contralateral embolization was performed in 5 cases. Percutaneous femoral access was possible in 19 cases, contralateral embolization was necessary in 5, and brachial delivery was needed in 18. Th e immediate technical success rate was 100%, and average values were as follows: operative time, 210 minutes; estimated blood loss, 381 cc; fl uoroscopy time, 45 minutes; contrast volume, 145 cc; and length of stay, 2.2 days. Th e only endoleaks present at the completion of the operation were type 3 ( 9 ) .
Mean follow-up time was 19 months (range, 1-47). Of the 9 type III endoleaks observed on completion angiography, 8 resolved on follow-up computed tomography angiography and one required endoprosthetic extension. Six patients have stable aneurysms with small type II endoleaks. Two patients were lost to follow-up, but of the remaining 22 patients (25 sandwich grafts), 24 (96%) of the external iliac limbs were patent and 24 of the internal iliac limbs were patent. No patient had buttock claudication, bowel ischemia, or other pelvic arterial complication postoperatively, and 4 patients died during the follow-up period.
DISCUSSION
Th e presence of a dilated or aneurysmal CIA complicates the treatment of AAA, whether the treatment is with open surgical repair ( 12 ) or EVAR ( 13 ) . As AAA treatment shifted from open repair to EVAR, the management of the IIA initially involved sacrifi ce. Th is meant occluding the ipsilateral IIA (with a plug or coils) and extending the end of the endograft into the EIA ( 5 ). Th is type of approach has been referred to as occlude and extend ( 14 ) . Unfortunately, this leaves a signifi cant number of patients with limiting buttock claudication. Th e risk of this is 16% to 50% if unilateral closure is performed but rises to 80% if bilateral IIA occlusion is done ( 15 ) . Th ere are other signifi cant complications related to IIA sacrifi ce. Th ese include spinal cord and lumbosacral plexus ischemia ( 16, 17 ) , scrotal necrosis ( 18 ), ischemic colitis ( 6 ), and erectile dysfunction ( 19 ) .
After these hazardous sequelae became recognized, the importance of IIA preservation became more apparent. Initial attempts at preservation employed surgical revascularization of the IIA through a retroperitoneal exposure at the time of the endovascular aneurysm repair. However, an analysis of retroperitoneal (versus transabdominal) IIA revascularization showed an increase in surgical time, blood loss, complications, and length of stay ( 20 ) , suggesting that EVAR plus retroperitoneal IIA and possibly left brachial artery access; 2) bifurcated stent-graft main body insertion through an ipsilateral femoral approach, positioned such that the distal end of the iliac limb is 1 cm above the IIA origin; 3) catheterization of the ipsilateral IIA through the EVAR main body via left brachial (or contralateral femoral) access with a long 5F catheter and a 0.035-inch extra-stiff guidewire; 4) sheath placement into the CIA limb; 5) placement of a covered stent (Viabahn, Gore, Flagstaff , AZ; or iCast, Atrium Medical, Austin, TX) inside the IIA main trunk (or the posterior division of the IIA in the case of IIA aneurysm) with a 5 cm overlap into the iliac limb; 6) positioning of an ipsilateral external iliac artery (EIA) limb extension parallel to the IIA stent; 7) simultaneous deployment of the iliac limb stent-grafts and postdilation only of the covered stent portions within the EIA and IIA; and 8) for bilateral CIA aneurysms extending into both IIAs, repetition of steps 3 to 7. Device diameters for the iliac grafts were selected according to the technique of Matteo and Cunningham ( 11 ) . all failed enrollment based on anatomic criteria. Th e limitations of the iliac artery branch devices mean that a signifi cant number of patients will require a diff erent approach to their iliac artery anatomy. Until these devices improve to be more universally applicable, the sandwich technique for IIA preservation will be necessary. Th ere are multiple limitations to the study. Th is project was retrospective, there was no control group, and the patients were selected for acceptable anatomy. Nonetheless, this technique deserves appropriate consideration for patients at increased risk for complications during EVAR with IIA sacrifi ce. revascularization was not advantageous over a straightforward open repair. Another study compared surgical IIA bypass to standard EVAR and found that the incidence of postoperative complications doubled with either bypass or embolization of the IIA ( 21 ) .
Th e bell-bottom technique was developed for iliac arteries that are not excessively aneurysmal to exclude the dilated CIA and preserve fl ow into the IIA and successfully achieve an endovascular seal in the iliac system. With this technique, the surgeon places a short but larger-diameter endograft (designed for the abdominal aortic neck) into the iliac end of the main endograft and out into the iliac artery ( 22 ) . Th e lower end fl ares out similar to a pair of bell-bottom pants. Th e limitations of this technique are that the iliac artery cannot be larger than 32 mm and that an adequate length of CIA must be available to accommodate the devices needed and allow for seal. Th e advantage of the bell-bottom technique versus exclude and extend is a lower complication rate of 6% vs 38% ( 14 ) . However, the bell-bottom technique has also been shown to lead to a higher incidence of reintervention in the follow-up period (14% vs 2%) ( 13 ) .
Th e sandwich technique was initially developed to address these concerns ( 10 ) . With this technique, the aortoiliac graft terminates in the CIA just above the bifurcation. Two parallel grafts are placed into the lower portion of the iliac limb of the main endograft. One extends into the EIA and the other extends into the iliac artery. Th is creates a bifurcation, but both grafts are compressed inside the iliac limb. Th e smaller channel into both grafts has led to the concern that a signifi cant number of these grafts will subsequently occlude. Our series is the largest single-center series reported in the United States and demonstrates excellent patency of these grafts at mid-term follow-up.
A combined series of 23 sandwich technique procedures in 22 patients at 2 institutions has been reported ( 23 ) . Th e mean operative time, fl uoroscopy time, estimated blood loss, contrast use, length of stay, and patency rates of 95% for the EIA limb and 88% for the IIA limb were similar to our fi ndings. Another corroborating fi nding in this series was that all intraoperative type 3 endoleaks resolved on follow-up. Th e study also noted a low incidence of postoperative endoleaks: one type 1b (treated with an extension device) and 3 benign type 2 endoleaks. None of the patients treated with the sandwich technique had ipsilateral buttock claudication, but 4 patients who had contralateral embolization of the IIA suff ered from buttock claudication on the side of the IIA sacrifi ce postoperatively.
Recently, commercially made iliac artery branch devices have become available. However, these devices have certain limitations based on anatomic requirements. For one device to be used, the CIA must be at least 50 mm in length and have a minimum diameter of 18 mm ( 24 ) . It has been demonstrated that this device would be appropriate for only 20% to 25% of potential candidates. For the other device to be used, a minimum CIA diameter of 17 mm is mandatory and a minimum distance from the lowermost renal artery to the IIA ostium of 165 mm, 175 mm, or 185 mm is needed depending on the size of the aortic main body endograft being used. As a study site for this device, we screened 10 patients with CIA aneurysms, and
